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Abstract 
The European Commission together with European Committee for Standardisation organized and supported on 27-28 November 
2012 in Brussels, Belgium  International workshop with worked examples:  STRUCTURAL FIRE DESIGN. In the workshop 
took part 117 participants from 28 countries. Author of this paper was in Brussels the only representative from the Slovak Republic.  
The workshop sessions presented the fire resistance assessment of structures according to the Eurocodes. Each session focused 
on a specific structural material (steel, steel and concrete composite, concrete, masonry, and timber with the exception of 
aluminium) and addressed the principles and design methods followed by worked example(s) [1]. Definitions of actions in fire 
situations were also presented with basic principles and examples at the beginning of the workshop sessions. 
The principal objectives of the workshop were to: 
transfer knowledge and information to representatives of key organisations/institutions, industry and technical associations in 
the Member States of European Committee for Standardisation; 
provide state-of-the-art training material, background information and worked examples to Eurocodes trainers and users; 
facilitate exchange of views, networking and cooperation. 
      Contribution includes review of background and applications concerning structural fire design of concrete structures, 
presented at the workshop. 
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1. Introduction 
Parts 1-2 of Eurocodes deal with the design of structures for the accidental situation of fire exposure. They only 
identifie differences from, or supplements to, normal temperature design  normal temperature means These 
parts deal only with passive methods of fire protection. Active methods are not covered.  
Eurocode 2: Design of concrete structures  Part 1-2: General rules  Structural fire design [2-3] however does 
not cover: 
 structures with prestressing by external tendons, 
 shell structures. 
The methods given in Part 1-2 of EN 1992 [2-3] are applicable to normal weight concrete up to strength class 
C90/105 and for lightweight concrete up to strength class LC55/60.  
 
 Design safety in the fire situation is important part of structural design of structures. One of the components of 
the design safety in case of fire is fire resistance of the structure. Fire resistance belongs to the essential requirements 
to the structures, the same as the requirements to mechanical resistance and stability.  
 
Nomenclature 
tfi,req  required time of  fire resistance 
tfi,d    design value of  time of fire classification for a standard fire 
Efi,d,t   design effect of actions for the fire situation, including effects of thermal expansions and deformations  
              in determined time t 
Rfi,d,t design resistance in the fire situation in time t 
d design value of  temperature of concrete 
d,cr design value of  critical temperature of concrete 
a             nominal axis distance of reinforcing or prestressing steel from the nearest exposed surface 
Ed      design value of the corresponding force or moment for normal temperature, for a fundamental 
 combination of actions  
fi         
  is 0,7  
E 60  member meeting the integrity criterion E for 60 minutes in standard fire exposure 
I 60   member meeting the thermal insulation criterion I for 60 minutes in standard fire exposure 
R 60 member meeting the load bearing criterion R for 60 minutes in standard fire exposure 
M 90  member meeting the mechanical resistance criterion M for 90 minutes in standard fire exposure         
 
   The fire terms is it possible to express according to [4] as follows  from the point of view:  
 
 time                                                           tfi,req tfi,d  (1)  
 limit load                                                 Efi,d,t Rfi,d,t (2) 
 temperature                                            d d,cr   (3) 
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2. Fire resistance of concrete members 
Concrete  similarly as masonry  disposes of   excellent ability to resist to fire exposure (in comparison with other 
load-bearing materials, like steel and timber). This advantage of concrete is oft used by construction of fire walls, 
which form an obstacle in the event of extending of fire.  
Fire wall  wall, separating two spaces (generally two fire compartments or buildings) which is designed for fire 
resistance and structural stability, including resistance to mechanical impact (criterion M) such that, in the case of fire 
and failure of the structure on one side of the wall, fire spread beyond the walls avoided (so that a fire wall is designated 
REI-M or EI-M). 
3. Structural fire design of concrete structures  
3. 1. Assessment methods 
The analysis for the fire situation may be carried out using one of the following design methods: 
 detailing according to recognised design solutions (tabulated data or testing), 
 simplified calculation methods for specific types of members, 
 advanced calculation methods for simulating the behaviour of structural members, 
      parts of the structure or the entire structure. 
 
 Tabulated data  in standard [2-3] are there given recognised design solutions for the standard fire exposure. 
The values given in the tables apply to normal weight concrete (2 000 to 2 600 kg.m-3), made with siliceous 
aggregates. If calcareous aggregates or lightweight aggregates are used in beams or slabs the minimum 
dimension of the cross-section may be reduced by 10%. 
There are provided tables for fire resistance of 30 minutes to 240 minutes of: 
 concrete slabs: solid, flat and ribbed (reinforced and presstresed) for fire resistance classification REI, 
 beams simply supported and continuous (reinforced and presstresed) for fire resistance classification R, 
 walls non load-bearing (EI), load-bearing solid (REI) and fire walls for fire resistance classification M, 
 columns with rectangular or circular section for fire resistance classification R. 
In tables are specified minimum dimensions of cross section and also the minimal distances of reinforcement bar 
from the surface of concrete member (Fig. 1) by members meeting the load-bearing criterion R for determinate 
time in standard fire exposure. 
 
 
  
Fig.1. Sections through structural members, showing nominal axis distance a. 
 
For fulfilling of criterion EI there are in tables provided minimum depths of separating members: walls and slabs. 
This method of assessment is simple and fast, but is not general-purpose. It is possible to use the tables only in the 
case, when special detailing is fulfilled. The values given in tables are conservative. In the table 1 are provided 
minimum column dimensions and axis distances for columns with rectangular or circular section [5]. 
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Table 1. Minimum column dimensions and axis distances for columns with rectangular or circular section 
Standard 
fire resistance 
R [minutes] 
           Minimum dimensions  [mm]: b / a (rectangular section)    
                                                           d / a (circular section)    
Column exposed on one side     Column exposed on more than one side 
30    b / a                155/25                    b / a                         200/32 
    d / a                155/25                    d / a                         300/27 
                       60    b / a                155/25                    b / a                         250/46 
    d / a                155/25                    d / a                         350/40 
90    b / a                155/25                    b / a                         350/53 
    d / a                155/25                    d / a                         450/40* 
120    b / a                175/35                    b / a                         350/57* 
    d / a                 175/35                   d / a                         450/51*  
180    b / a                 230/55                   b / a                         450/70*  
    d / a                 230/55                   d / a                         450/70* 
240    b / a                 295/70                   b / a                              -  
    d / a                 295/70                   d / a                              -     
   *  minimum 8 bars of reinforcement   
 
Notes: 
 Tabulated data is given for braced structures only. 
 Fire resistance of reinforced and prestressed concrete columns, submitted mainly to compression in braced     
structures may be considered adequate if the values in Table 1 together with the following rules are applied. 
 The validity of the minimum values of the column width bmin and the axis distance of longitudinal   
reinforcement a given in Table 1 is limited as follows: 
 - effective length of the column under fire conditions: l0,fi  
 - amount of reinforcement: As < 0.04 Ac 
 
 Testing the structure  is very difficult and financially exacting and it is realised in the case of development and 
verification of new materials, by which is required an increasing of fire resistance. It is really impossible to realize 
fire tests of a great number of reinforced concrete members (slabs, columns, walls, ...) made from various class of 
concrete, reinforced with various amount of reinforcement.  
 
 Simplified cross-section calculation methods may be used to determine the ultimate loadbearing capacity of a 
heated cross section and to compare the capacity with the relevant combination of actions. Informative Annex B 
provides two alternative methods calculating the 
resistance to bending moments and axial forces. Second order effects may be included with both models. Both 
methods are applicable to structures subjected to a standard fire exposure.  
Method B.1 may be used in conjunction with both standard and parametric fires. This simplified calculation 
method comprises a general reduction of the cross- section size with respect to a heat damaged zone at the concrete 
surfaces. The thickness of the damaged concrete, a500 
in the compression zone of the cross-section. 
 is recommended for use with small sections and slender columns but is only valid 
for standard fires. The cross-section is divided into a number (n 
(rectangular elements) where the mean temperature and the corresponding mean compressive strength f  and 
modulus of elasticity (if applicable) of each zone is assessed. 
 
 Advanced calculation methods  for simulating the behaviour of structural member, parts of the
 structure or the entire structure. 
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It shall be verified for the relevant duration of fire exposure 
Efi,d Rfi,d,t  (4) 
As a simplification may be the effects of actions obtained from a structural analysis for normal temperature design 
as: 
Efi,d = fi Ed  (5) 
Advanced calculation methods come out from the simulation of thermal response, which takes into account 
development and spreading of the temperature in concrete members and from the simulation of mechanical response, 
which specifies the changes of mechanical properties of concrete exposed to fire.  
4. Conclusions 
The paper includes review of assessment methods for structural fire design of concrete structures, presented at 
International workshop with worked examples: STRUCTURAL FIRE DESIGN, which took place on November 2012 
in Brussels, Belgium. 
It is not now simply to determine fire resistance of concrete member using the Eurocode in comparison with the 
method used before according to national regulations. 
According to [6] and [7] is it in a real fire situation necessary to simulate the temperature development throughout 
the construction and consequently the reduced material strength, the reduced stiffness of the cross sections and the 
changed slenderness. 
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